Background and Purpose-Lower birth weight is associated with increased risk of stroke, but little is known about the mechanism for this association or influence in addition to vascular risk factors. We investigated whether there was an association between birth parameters and imaging markers of white matter integrity in community-dwelling older people. Methods-One hundred seven volunteers, age 75 to 81 years, had birth parameters (weight, length, placental weight, gestational age) extracted from archives. Neuroimaging included assessment of white matter lesions and diffusion tensor-magnetic resonance imaging parameters in normal-appearing white matter. Results-Lower placental weight was correlated with increased white matter lesion load (PϽ0.05) and diffusion tensor-magnetic resonance imaging parameters (PϽ0.05). Birth weight and frontal white matter fractional anisotropy were significantly correlated (PϽ0.05). These associations were only slightly attenuated when corrected for gestational age, sex, age at scan, and vascular risk factors. Conclusions-Lower placental and possibly lower birth weight were associated with sensitive neuroimaging measures of white matter lesions in this cohort, independent of vascular risk factors later in life. Further studies are required to confirm these findings to explore life-long risk factors for age-related white matter changes. 
S
tudies of early life influences show an association between increased stroke incidence and lower birth weight. 1 Stroke is, however, a heterogeneous condition with a variety of etiologies. Epidemiologic studies may underestimate mild strokes and, depending on the type of neuroimaging (if used), may not accurately distinguish ischemic from hemorrhagic or small-from large-artery strokes. Some large cohort studies suggest that the influence of birth weight may be more important for hemorrhagic than ischemic stroke, whereas others have found the opposite. 1 To understand whether early life influences increase the risk of stroke, more sensitive and specific outcome measures are required. Appropriate neuroimaging can distinguish ischemic from hemorrhagic stroke and can detect other vascular effects on the brain, such as white matter lesions (WMLs) 2 or alterations in water diffusion parameters. 3 WMLs are associated with vascular risk factors and lacunar stroke and pathologically with small arteriolar wall thickening and disintegration. White matter damage is reflected by increased mean diffusivity (ϽDϾ) and decreased fractional anisotropy (FA) in diffusion tensor-magnetic resonance imaging (DT-MRI), both within WMLs themselves and in surrounding normal-appearing white matter. 3 No studies have reported early life influences on later-life white matter integrity assessed by neuroimaging.
We therefore investigated the relation between birth parameters and white matter integrity, as detected by structural and DT-MRI, in community-dwelling older people. We hypothesized that lower birth weight would be associated with white matter damage (WMLs, increased ϽDϾ, and decreased FA) and investigated whether the association was accounted for by vascular risk factors.
Subjects and Methods

Subjects
We recruited 115 volunteers who were living independently in the community and who had been born in 1 Edinburgh hospital between 1921 and 1926, by invitation, media appeal, or posters. Exclusion criteria were contraindications to MRI and severe physical or mental illness such that they would not be able to attend or complete the tests. Of 115 subjects recruited, 110 completed the MRI examination. Three scans were excluded owing to incidental findings (pituitary adenoma, meningioma, and temporal cyst), as these may influence WML ratings or DT-MRI parameters; ie, 107 subjects were included in the analyses. 4 All subjects provided informed consent. The Lothian Regional Ethics Committee approved the study.
MRI Scanning
MRI data were collected on a GE 1.5-T clinical scanner according to a previously described protocol: T1-weighted spin-echo imaging, T2-weighted fast spin-echo and fluid-attenuated inversion recovery fast spin-echo imaging, and DT-MRI based on spin-echo echo-planar imaging. 4 
Image Processing
T2-weighted and fluid-attenuated inversion recovery images were examined for the presence of infarct or hemorrhage and quantified for WML load on the Fazekas scale, 2 which rates periventricular hyperintensities (PVHs) and deep white matter hyperintensities (DWMHs) separately on a scale of 0 to 3. The rater (J.M.W.), an experienced neuroradiologist, was blind to all other data.
Maps of ϽDϾ and FA for each subject were generated and converted into Analyze format (Mayo Foundation). Regions of interest were placed in the frontal and occipital white matter and centrum semiovale with the T2-weighted echo-planar images, avoiding WMLs, by an observer (T.J.M.) blind to all other data. 4 
Birth Records
We retrieved birth parameters from the original archival record and converted imperial to metric units. Social class was determined from paternal occupation according to the Registrar General's classification. 4 
Vascular Risk Factors
We collected data on history of hypertension, diabetes, heart disease, stroke, peripheral or other vascular disease, and smoking status. Blood pressure was measured with the subject in the supine position, after a 2-minute rest, with a Dinamap Compact Monitor automated blood pressure machine (Critikon). Blood samples were taken for glycosylated hemoglobin (HbA 1c ,) cholesterol, and triglycerides.
Statistical Analysis
We used Spearman's rho to investigate correlations between birth parameters and WMLs and Pearson's r for correlations between birth parameters and DT-MRI. We explored the influence of potential mediators and confounders on the relation between birth parameters and white matter integrity with the use of partial correlation for DT-MRI and logistic regression for WMLs (missing data excluded listwise). Table 1 shows demographic data for the 107 subjects (meanϮSD age, 78.4Ϯ1.5 years). Table 2 shows descriptive data for birth parameters, vascular risk factors, WML load, and DT-MRI parameters. Table 3 shows correlations between birth parameters and neuroimaging data. Birth weight and frontal FA were significantly correlated. Placental weight was correlated significantly with WML load and with 3 of 6 DT-MRI parameters. The associations were in the expected direction: lower placental weight was associated with increased WML score, increased ϽDϾ in the frontal and centrum semiovale region, and decreased FA in the frontal region. There was a trend toward a negative association between gestational age and WMLs but not DT-MRI parameters. Adjustment, with partial correlation, for gestational age, age at scan, sex, and vascular risk factors (disease history, smoking status, blood pressure, HbA 1c , cholesterol, triglycerides) did not substantially affect the associations between birth parameters and DT-MRI variables.
Results
Because there were so few people with Fazekas scores 0 or 3, we dichotomized both PVH and DWMH scales into minimal (0 -1) and present (2-3). Logistic regression was performed including birth parameters, gestational age, vascular risk factors, and social class (these variables were forced into the model because of a priori considerations). Placental weight predicted PVH (␤ϭϪ4.3, Pϭ0.031), and no other parameters entered the model. Placental weight predicted DWMH (␤ϭϪ4.5, Pϭ0.033), and no other parameters entered the model.
To establish whether the correlation between birth measurements and DT-MRI parameters were driven by subjects with previous stroke or with higher WML load, we reanalyzed the data after excluding those with MRI evidence of stroke and history of stroke and correcting for WML load. Excluding those with MRI evidence of stroke only slightly attenuated the correlations (within 0.03 of the previous associations; results available from authors), but they conformed to the same pattern. Excluding those with a selfreported history of stroke did not substantially alter the results. Correcting for WML load with partial correlation also did not substantially change the relation. Therefore, placental weight was correlated with deep and periventricular WMLs and with white matter DT-MRI parameters.
Discussion
In 107 community-dwelling people age 75 to 81 years, there was a significant association between placental weight and both WML load and white matter DT-MRI parameters in the eighth decade. This is, to our knowledge, the first study to investigate early life influences on late-life white matter integrity. WMLs reflect loss of white matter integrity, and DT-MRI provides sensitive markers of white matter integrity and damage before the appearance of WMLs. 3 Our sample consisted of volunteers recruited from the community, with a disease prevalence making them comparable to other older volunteers for neuroimaging studies. 5 The finding of an association between placental weight and WMLs and DT-MRI adds to a previous study that found an association between placental size and stroke mortality. 1 Birth weight was the strongest predictor of stroke mortality, but those with relatively large heads and small placentas had an increased mortality. Placental size and function may be affected by poor nutrition in the mother's own childhood affecting her pelvic growth, whereas birth weight may be influenced more by nutrition or other influences on the developing fetus itself. 1 Few studies of early life influences on later life disease include data on the placenta. Indeed, in this study, placental weight was not available for all subjects. However, there were no significant differences in birth weight, social class, WML score, or DT-MRI parameters between those who did and did not have placental weight recorded (data not shown; available from the authors). Nonetheless, where data exist, the importance of the placenta should be considered: it is the route by which nutrients and hormones affect the developing fetus. 6 Placental weight, however, is a crude measure of placental function. 6 Correcting the association between birth parameters and white matter integrity for vascular risk factors did not significantly attenuate the relation, suggesting that the vascular risk factors measured were not the only mediators of the relation between birth parameters and white matter integrity.
Some studies have suggested that gestational age rather than birth size may be important for predicting stroke incidence. 1 We found a suggestion of an association between gestational age and DWMH (shorter gestation correlating with higher DWMH score), but there was no association between gestational age and DT-MRI parameters. Correcting for gestational age did not eliminate the relation between DT-MRI parameters and placental size. It is important that gestational age is included, where possible, in historical cohort studies, as it allows prematurity and poor growth to be distinguished. There is, however, a risk of misclassification bias in historical data relying on maternal self-report of the last menstrual period.
This study has some limitations: the sample size is small by epidemiologic standards but not in terms of many neuroimaging studies of DT-MRI data. The effect sizes are small to moderate, and some of the effect sizes might be indicative of those in the population but may not reach statistical signifi- cance owing to lack of power. Conversely, the positive results may be an artifact of multiple testing, although the consistency of the association between placental weight and WML and both ϽDϾ and FA suggests this is not the case. Ethics approval enabled collection of birth data only with individual consent; therefore, we are unable to estimate the degree of selection bias. There is also the possibility of survival bias: ie, that a lack of association between birth parameters and white matter integrity in this cohort is because those with significant cerebrovascular disease had already died. We plan to repeat this study with a younger cohort to investigate this possibility. We did not have data on head size or postnatal growth. 1 Despite detailed information on vascular risk factors, the relation reported could still be due to residual confounding by factors related to both birth weight and MRI changes, eg, maternal nutrition or genetic factors. It is possible that the mothers of babies with low placental weight had worse vasculature themselves, and such intergenerational studies will be an interesting area for future study. We suggest that MRI can be used to further investigate the relation between life course influences and white matter integrity.
